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The present paper reports the synthesis and photoluminescence studies of Gd3Al5O12 Phosphor doped 
with 1% of Europium, via Solid State Reaction (SSR) method. The Phosphor was prepared at a 
calcinating temperature of 900 oC and 1200oC in a muffle furnace in open air. The Phosphor appears 
white in Colour. The excitation spectrum was taken at 613nm.The photoluminescence emission was 
studied at 254 and 276nm excitations. Emission spectrum at 613nm excitation spreads from 220 to 320nm 
with prominent peaks at 256 and 276nm. So that the emission spectra was studied for 254 and 276nm. 
The main emissions were observed around blue and orange-red regions. 

INTRODUCTION 

Lanthanide ions show excellent spectroscopic properties in 3+ state. They have narrow emission bands, 
and large Stokes shift (difference between the excitation and emission energies) and with the lifetime in 
the order of 10-3seconds.  that Therefore, they play prominent role  as dopants in host matrix. It was 
reported Lanthanide oxide nano particles used as luminescent probes in bioanalysis because of their 
unique spectral properties, photostability and low cost synthesis. For all the matrixes, the excitation 
spectra of Eu3+ displayed a broad band at shorter wavelength, assigned to the charge transfer between the 
ligand and the metal (O2- → Eu3+ or S2- → Eu3+) and to the f-f transitions of the Eu3+ excited state. Some 
spectra presented a band relative to the excited state of the Gd3+ ion, indicating Gd3+ → Eu3+ energy 
transfer. The emission spectra of Eu3+, excited at different wavelengths, exhibited narrow lines between 
500 and 750 nm, relative to the typical transition from the excited level to manifold level (5D0 → 7F2, with 
J = 0, 1, 2, 3, and 4). The more intense band of the matrixes corresponded to the hypersensitive transition 
5D0 → 7F2, with dipole-electric character, detected with maximum at approximately 615 nm. Yttrium 
aluminum garnet (Y3Al5O12, YAG) is an advanced ceramic material with interesting optical and 
mechanical properties. A host crystal with an yttrium aluminum garnet structure has the advantage of a 
relatively stable lattice & large thermal conductivity. Thus, YAG can be used as the host lattice for a 
number of rugged phosphor systems. It is an important crystal for fluorescence and solid state lasers. Eu, 
Tb-activated YAG phosphor has luminescence characteristic narrow band phosphor suitable for contrast-
enhanced display applications in high ambient illumination conditions. The investigators out of their 
enthusiasm want to investigate the effect of Europium ion in the Gd3Al5O12 phosphor. 



Photoluminescence Study of Europium Doped Gd3Al5O12 Phosphor   

541 

EXPERIMENTAL 

The present paper reports the Synthesis and Photoluminescence study of Gd3Al5O12 phosphor doped with 
Eu(1%). Gadalonium Oxide (Gd2O3)and Aluminium Oxide(Al2O3) were taken in a stoichiometry of 3:5 
ratio to prepare Gd3Al5O12. The starting compounds along with 1%Europium Oxide were taken and  they 
were mixed and grounded thoroughly in an agate mortar with pestle for 45 minutes. Acetone medium was 
used intermediately in the grinding procedure to get fine grain and uniform size. The obtained powder 
mixture was annealed in a muffle furnace at a heating rate of 6o C per minute, up to the temperatures of  
900oC and 1200oC  seperately and soaked for 3 hours and allowed to cool naturally to room temperature. 
They were synthesized using Solid State Reaction (SSR) method in open air atmosphere. The obtained 
powders seem to be white in colour. They were taken in to agate mortar and ground with pestle to obtain 
fine grained powder. Photoluminescence spectra were recorded at room temperature using Spectrofluoro-
photometer having Xenon lamp as excitation source. 

CHARACTERIZATION 
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Fig.1: Excitation spectrum of 900oC heated Gd
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:Eu 1% monitored  at 613 nm

 
Photoluminescence spectra were recorded at room temperature using Spectrofluoro-photometer having 
Xenon lamp as excitation source. Fig.1 shows the excitation spectrum monitored at 613nm for 900oC 
heated  sample. It spreads from 220 to 320nm with the prominent peaks at 256nm and  276nm with good 
intensity. The exitation spectrum of 1200oC heated sample doesnt show much difference and the 
prominent peaks are at the same wavelengths. 
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Emission Spectra 
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Fig.2: Emission Spectra of Gd
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The  excitation spectrum shows prominent peaks at 256 and 276 nm.  But the emission spectra were taken 
at the excitations of 254 and 267nm. The 254 nm excitation was selected to record emission spectra, since 
it was the available excitation for the fabrication of the lamps and has been the mercury resonance 
wavelength.  Fig.2 shows the emission spectra of Gd3Al5O12  phosphor heated at 900oC with 254 and 276 
nm excitations. The emission spectrum spreads from 350 to 650nm with many spiky peaks.  The sharp 
prominent emissions were observed at 595 and 613 nm with some minute  peaks around them. From the 
figure, it should be known that the prominant bulge around 450nm may be due to Aluminium ion in the 
base compound. The peak at 536nm may be due to the presence of Gadolonium ion in the matrix of base 
compound.  The peak at 365nm may be due to the presence of  crystal field. Fig.3 shows the emission 
spectra of Gd3Al5O12  phosphor heated at 1200oC with 254 and 276 nm excitations. From the figures 2 and 
3, it was observed that the prominent sharp peaks were evolved at 595 and 613nm  along with some 
minor peaks around them. All of them were allowed transitions of Europium in 3+ state. A bulge around 
blue region with a minute peak at 468nm was observed. It may be due to the Aluminium ion in the base 
compound. The other minute peaks are evolved at 474, 536, 583, 599, 616 and 629 nm. All the emissions 
show highest intensity for 276nm excitation in comparison with 254nm excitation.The intensities around 
red region may be enhanced by increasing the concentration of Europium as dopant in the phosphor. The 
respective emission intensities for various excitation wavelengths for different temperaturs were indicated 
in the tabularform. 

  



Photoluminescence Study of Europium Doped Gd3Al5O12 Phosphor   

543 

Table 1: The emissions and their respective intensities for different excitation wavelengths 

λex 
(nm) 

Temperature 
oC 

 
Emission  wavelengths (nm) 

Respective Emission 
Intensities 

254 
 

900 
365,470,474,535,583,594,613 

 
95,59,58,25,16,16,48 

1200 
365,470,474,535,583,594,613 

 
101,58,52,21,16,31,64 

276 
900 

365,470,474,535,583,594,613 
 

57,41,35,18,26,26,70 

1200 
365,470,474,535,583,594,613 

 
69,50,41,21,22,43,69 

TRANSITION MECHANISM 

The peak at 470 nm is due to 5D2→ 7F0 transition of  aluminium ion and is due to magnetic dipole with 
energy 2.6398 eV. The peak at 474 nm is due to 5D2→ 7F1 transition of  Gadalonium and is due to 
magnetic dipole with energy 2.618 eV. The peak at 535 nm is due to 5D1→ 7F1 transition of  Gadalonium 
and is due to magnetic dipole with energy 2.319 eV. The peak at 583 nm is due to 5D1→ 7F1 transition of  
Gadalonium  and is due to magnetic dipole with energy 2.128 eV. The peak at 594 nm is due to 5D0→ 7F1 
transition of Europium  and is due to magnetic dipole with energy 2.089 eV. The peak at 613 nm is due to 
5D0→ 7F2 transition of  Europium and is due to electric dipole with energy 2.024 eV. The peak at 628 nm 
is due to 5D0→ 7F3 transition of Europium and is due to electric dipole with energy 1.976 eV. All the 
emissions are allowed and are due to transitions of Europium  ions in the host crystal. 

CONCLUSIONS 

1. Gd3Al5O12 was successfully synthesized via Solid State Reaction method. 

2. Europium were succeeded as dopants in  Gd3Al5O12 system and has its  own and allowed transitions. 

3. The prominant peaks in the blue region at 468nm may be due to Aluminium ion transitions. 

4. The effect of Europium in the matrix is to emit 613 and 628nm wavelengths. Increment in the 
concentration of  Europium may enhance the intensities of  the above emission wavelengths. 

5. It seems to be the promising phosphor candidate that may be used in scintillation,  
electroluminescence and as a luminescent probe in bioanalysis applications. 
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